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Narrative review

Current diagnosis and management of erectile 
dysfunction
Christopher G McMahon

Erectile dysfunction (ED) is a common male sexual dys-
function associated with a reduced quality of life for pa-
tients and their partners. Definitions of ED have been 

proposed by the National Institutes of Health Consensus 
Development Conference Statement in 1992, the American 
Psychiatric Association’s Diagnostic and statistical manual of men-
tal disorders, fifth edition (DSM- 5), text revision, and the World 
Health Organization’s International Classification of Diseases, 
tenth edition (ICD- 10).1–3 The most commonly quoted defini-
tion of ED from the National Institutes of Health is the inability 
to get or keep an erection firm enough for satisfactory sexual 
intercourse.1

Penile erection is a neurovascular phenomenon that requires 
dilation of penile vasculature, relaxation of corporal smooth 
muscle, increased intracavernosal blood flow and a normal 
veno- occlusive function. Eighty per cent of ED cases are due 
to penile vascular disease caused by endothelial dysfunction- 
related abnormalities of the nitric oxide/cyclic guanosine 
3’5’- monophosphate (NO- cGMP) system.4,5 ED may be an early 
manifestation of generalised endothelial dysfunction and a pre-
dictor and a precursor of other forms of cardiovascular disease.6

Epidemiological data from Australian, American and British ob-
servational studies estimate the prevalence of complete ED as 
about 5% among 40- year- old men, 10% among men in their 60s, 
15% among men in their 70s and 30–40% among men in their 80s. 
Prevalence studies show that, when controlling for other factors, 
ED is associated with increasing age, depression, obesity, lack 
of exercise, diabetes mellitus, hypertension, dyslipidaemia, car-
diovascular disease, lower urinary tract symptoms (LUTS) and 
benign prostatic hyperplasia.7,8 The Multinational Survey on the 
Aging Male (MSAM- 7) study reported that men with LUTS had 
an overall prevalence of ED of 49%, complete erectile failure in 
10%, and an overall prevalence of ejaculatory disorders of 46%.9 
Antihypertensive and antidepressants drugs may cause ED as 
an adverse drug reaction and their discontinuation does not 
always result in the recovery of erectile function. Thiazide di-
uretics, non- selective α- blockers, and β2- blockers may cause ED, 
but angiotensin- converting enzyme inhibitors, calcium channel 
blockers, α1- blockers and angiotensin receptor blockers have a 
low risk of ED.10 Even though the incidence of ED rises signifi-
cantly with increasing age, studies indicate that 55–70% of men 
aged 77–79 years are sexually active. However, only half of the 
men who self- report ED are concerned about it.7

This narrative review analyses selected published peer re-
viewed ED practice guidelines. The PubMed electronic database 
from 2008 to 6 February 2018, the United States Food and Drug 
Administration website, the European Medicines Agency web-
site and the websites of multiple national and regional urologi-
cal and sexual medicine association and societies were searched 
for published guidelines. Search terms included the Medical 
Subject Headings (MeSH) “erectile dysfunction”, “impotence”, 
“guidelines” and “recommendations”.

The search terms and selection criteria were satisfied by 11 
guidelines.11–21 Eight guidelines made recommendations on 
both the evaluation and treatment of ED.11–15,18,20,21 The remain-
ing three guidelines were limited to hormonal evaluation, ED 
pharmacotherapy and the surgical management of ED and did 
not discuss patient evaluation.16,17,19 These guidelines were sub-
ject to critical assessment and were synthesised in an attempt to 
highlight areas of agreement and possible inconsistencies.

Evaluation of patients

Each guideline proposed similar frameworks for the assessment 
of men seeking treatment for ED.11–15,18,20,21 All agreed that ED 
can be an early symptom of diabetes mellitus or cardiovascular 
disease.11–15,18,20,21

A full medical and personally and culturally sensitive sexual 
history and thorough clinical examination of the patient are 
needed to:

• confirm that the patient has ED and/or other sexual dysfunc-
tions, such as hypoactive desire or premature ejaculation;

• assess the onset, severity and duration of the condition and 
the impact on the patient’s partner;
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Summary
• Erectile dysfunction (ED) is a common male sexual dysfunction 

associated with a reduced quality of life for patients and their 
partners.

• ED is associated with increasing age, depression, obesity, lack of 
exercise, diabetes mellitus, hypertension, dyslipidaemia, cardio-
vascular disease and lower urinary tract symptoms related to be-
nign prostatic hyperplasia.

• The evaluation of men with ED requires a full medical and per-
sonally and culturally sensitive sexual history, a focused clinical 
examination, fasting glucose levels, a fasting lipid profile and, in 
select cases, a total testosterone level and a prostate-specific an-
tigen test.

• Treatment of ED requires lifestyle modification, reduction of 
comorbid vascular risk factors, and treatment of organic or psy-
chosexual dysfunction with either pharmacotherapy alone or in 
combination with psychosexual therapy.

• Between 60% and 65% of men with ED, including those with 
hypertension, diabetes mellitus, spinal cord injury and other co-
morbid medical conditions, can successfully complete intercourse 
in response to the phosphodiesterase type 5 inhibitors (PDE5i) 
sildenafil, tadalafil, vardenafil and avanafil.

• Patient-administered intracorporal injection therapy using vaso-
dilator drugs such as alprostadil is an effective treatment and is 
useful in men who fail to respond to oral pharmacological agents.

• Surgical treatment of ED with multicomponent inflatable penile 
implants is associated with high satisfaction rates.

• Penile arterial revascularisation and venous ligation surgery are 
associated with relatively poor outcome results in men with penile 
atherosclerotic disease or corporal veno-occlusive dysfunction.
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• identify the presence and contribution of potentially revers-
ible causes (medications, drug or alcohol misuse), risk factors, 
comorbid disease or psychosocial factors;

• determine whether the cause of ED is psychogenic, organic 
(eg, vasculogenic, endocrine, neurological or end organ dis-
ease, such as penile deformity due to Peyronie disease) or 
mixed (Box 1); and

• assess the fitness of the patient for resuming sexual activity.

Any relationship between anxiety and ED should be explored. 
Psychogenic ED is likely in younger men with no vascular risk 
factors who report an abrupt onset of ED and persistent early 
morning or nocturnal erections.11 The causes of psychogenic 
ED are manifold and include sexual performance anxiety, 
global anxiety, relationship problems, depression, guilt and/
or fear. Careful enquiry should be made about current med-
ications, such as thiazide diuretics, non- selective α- blockers, 
β2- blockers and antidepressants as well as the use of recre-
ational drugs.

Several patient self- administered validated questionnaires have 
been developed to objectively score the erectile function. The 
short five- question form of the International Index of Erectile 
Function (IIEF- 5) and the Sexual Health Inventory for Men 
(SHIM) are useful for both diagnosis and assessment of response 
to treatment.22

Physical examination

A focused physical examination in men with ED involves 
examination of general body habitus and genital anatomy 
and should identify any related abnormalities (eg, Peyronie 
plaques), endocrine signs and possible comorbidities (neuro-
logical, vascular, and possible life- threatening conditions).23 
The presence, size and consistency of testes and adnexa are 
required to evaluate androgen status and the presence of atro-
phy or hypogonadism. A digital rectal examination is required 
in men over the age of 50 years or in men with an increased 
risk of prostate adenocarcinoma or LUTS suggesting benign 
prostatic hyperplasia.

Clinical investigations

Laboratory investigations

The need for clinical investigation depends on the patient’s 
history and examination findings.11–15,18,20,21 The International 
Consultation on Sexual Medicine of the International Society 
for Sexual Medicine proposes that laboratory tests for men with 
ED include fasting glucose level, fasting lipid profile and, in 
select cases, total testosterone level.18 The American Urological 
Association and most other guidelines recommend screening for 
prostate cancer in men seeking treatment for ED with a digital 
rectal examination and prostate- specific antigen test in selected 
high risk patients or symptomatic patients with LUTS.11,13,14,20,24

Undiagnosed type 2 diabetes mellitus has been reported to 
occur in 5–12% of men with ED.25 Furthermore, ED is reported 
to occur in 35–70% of men with type 2 diabetes mellitus.26 ED oc-
curs at an earlier age in men with type 2 diabetes mellitus com-
pared with men without diabetes mellitus, and the age- adjusted 
probability of complete ED is nearly three times higher.7,26 The 
presence of occult impaired glucose tolerance/impaired fasting 
glucose or type 2 diabetes mellitus can be assessed with a fasting 
plasma glucose (5.6–6.9 nmol/L or ≥ 7.0 nmol/L, respectively) 

and/or glycated haemoglobin (≥  5.7% or ≥  6.5%, respectively) 
and, if  indicated, a 75 g oral 2- hour glucose tolerance test.27

There is a guideline consensus that screening for low testoster-
one with a morning total testosterone assay (08.00–11.00 am) is 
the investigation of choice and is appropriate in men with ED 
and hypoactive sexual desire, incomplete response to phospho-
diesterase type 5 (PDE5) inhibitors (PDE5i), delayed ejacula-
tion, and in all men with known diabetes mellitus.11–15,18–21,28,29 
The prevalence of low total testosterone levels in men with ED 
varies widely across studies and ranges from 12.5% to 35%.19 
The threshold of testosterone to maintain an erection is low 
(<  5.5  nmol/L) and ED is usually a symptom of more severe 
cases of hypogonadism.11 If total testosterone level is ≥ 12 nmo-
l/L (346 ng/dL), testosterone deficiency is unlikely.28 If total tes-
tosterone is < 12 nmol/L (346 ng/dL), a second morning venous 
blood sample drawn after an interval of at least one week, to-
gether with serum luteinising hormone and prolactin levels is 
required. Serum luteinising hormone measurement is essential 
to identify the subtype of testosterone deficiency, and is elevated 
in primary hypogonadism or reduced in secondary hypogo-
nadism. Measurement of sex hormone binding globulin may be 
useful in older and obese men or men with liver cirrhosis, with 
chronic, suspicious symptoms and a borderline total testosterone 
level. Hyperprolactinaemia has a causal association with hypo-
gonadotrophic (secondary) hypogonadism. Haemochromatosis 
has a causal association with hypergonadotrophic (primary) 
hypogonadism.28 Further investigations may be indicated based 
on history, examination findings and the results of these initial 
investigations and may include thyroid- stimulating hormone 
and other pituitary hormone levels, pituitary imaging studies, 
chromosome analysis, full blood count, and urinalysis.11,18,23

Specialised testing

All guidelines agree that most patients do not need further in-
vestigations unless specifically indicated. Indications for the fol-
lowing specialised investigations include:30

• patients who wish to know the aetiology of their ED;

• young patients with lifelong ED;

• patients with a history of pelvic, perineal or genital trauma;

• patients with an abnormality of the testes or penis found on 
examination; and

1 Pathogenesis of erectile dysfunction (ED)

ED causes Examples of ED causes

Psychogenic Performance anxiety, depression, relationship 
and psychosocial factors

Vasculogenic Atherosclerotic penile arterial disease, corporal 
venous leakage, traumatic arterial stenosis or 
occlusion

Endocrine/metabolic Diabetes mellitus, hypogonadism,  
hyperprolactinaemia, subthyroidism, end- stage 
renal failure

Neurogenic Spinal cord injury, multiple sclerosis, major pelvic 
cancer surgery (eg, radical prostatectomy)

End organ disease Peyronie disease, pelvic or genital radiotherapy

Iatrogenic SSRI antidepressants, thiazide diuretics, non- 
selective α- blockers and β2- blockers

SSRI = selective serotonin reuptake inhibitor. ◆
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• patients unresponsive to medical therapies who may desire 
surgical treatment for ED.

Psychological assessment

All guidelines agree that psychological assessment of men with 
ED may provide information on the contribution of relation-
ships, cultural and religious factors, depression and other psy-
chological factors.11–15,18,20,21 Patients with comorbid psychiatric 
disorders or younger men with lifelong primary ED should be 
referred to a psychiatrist or psychologist with an interest in sex-
ual health.11,31

Nocturnal penile tumescence and rigidity testing

Nocturnal and early morning erections are normal physiologi-
cal events and occur during rapid eye movement sleep. Reduced 
or absent nocturnal erections usually indicate organic ED. The 
presence, frequency, duration and rigidity of nocturnal erections 
can be measured with nocturnal penile tumescence and rigidity 
testing using a RigiScan monitor (TIMM Medical Technology).32 
However, nocturnal penile tumescence and rigidity testing is 
more of historical interest and its contemporary use in the evalu-
ation of men with ED is largely limited to medico- legal assess-
ment of erectile function.12

Intracavernous injection test

This office test involves a physician- administered intracorporal 
injection of a vasoactive drug such as alprostadil and the assess-
ment of penile rigidity or deformity after 10 minutes.30,33 The de-
velopment of a rigid erection within 10 minutes that lasts for 30 
minutes suggests psychogenic ED.34 However, its use as a diag-
nostic test is limited because a positive result can also be found 
in patients with mild vascular disease.

Vascular testing

Several vascular tests exist, including colour duplex Doppler 
imaging, penile pharmacoangiography and dynamic infusion 
cavernosometry and cavernosography (DICC).

Colour duplex Doppler imaging after an intracorporal injec-
tion of a vasoactive drug (eg, alprostadil) provides information 
about penile haemodynamics and can distinguish arterial insuf-
ficiency and veno- occlusive dysfunction from other causes of 
ED.35 All guidelines agree that pharmacoangiography should be 
reserved for young men with arterial trauma and abnormal du-
plex haemodynamics or for embolisation of high flow priapism 
due to an arterio- lacunar fistula following penile or perineal 
trauma.11–15,17,18,20,21 DICC involves the perfusion of the corpora 
cavernosa with saline and a radio- opaque dye after an intracav-
ernosal injection of a vasodilator drug to determine the efficacy 
of the veno- occlusive mechanism and the site of corporal venous 
leakage. These additional investigations, vascular reconstructive 
surgery and/or venous ligation surgery are rarely conducted in 
the contemporary management of ED.12

Neurophysiological testing

Neurophysiological testing can indirectly measure the integrity 
of the perineal nerve by measurement of the sacral reflex arc la-
tency and signal amplitude and has limited clinical utility.36

Treatment options

Treatment of ED requires lifestyle modification to reduce the im-
pact of comorbid vascular risk factors and treatment of organic 

or psychosexual dysfunction with either pharmacotherapy 
alone or in combination with psychosexual therapy. Its efficacy, 
benefits, appropriateness and risks should be discussed with 
patients and partners so their expectations are realistic.

The treatment options for men with ED are effective, safe and 
well tolerated (Box 2). Treatment selection depends on the sever-
ity and aetiology of ED, the patient’s overall health and comorbid 
disease and the patient’s and their partner’s choice. Progression 
from first- line oral agents through second-  and third- line thera-
pies is indicated in treatment failures.

Management of patients with coronary artery disease

ED and coronary artery disease share the risk factors of dys-
lipidaemia, hypertension, smoking, diabetes, obesity, lack of 
physical activity and a familial history of early onset of coronary 
artery disease. ED may be a predictor and a precursor of other 
forms of cardiovascular disease morbidity and mortality;6 it con-
fers a 1.46- fold increased risk for cardiovascular disease.43 Men 
with proven or suspected vasculogenic ED or multiple vascular 
risk factors, especially diabetes mellitus, should be screened for 
silent myocardial ischaemia with exercise electrocardiography, 
a coronary artery calcium score or coronary computed tomogra-
phy angiography.43

Most ED guidelines follow the Second Princeton Consensus 
Panel guidelines for managing ED in patients with cardiovas-
cular disease and recommend assigning patients according to 
their risk factors to one of three risk levels: low, intermediate or 
high (Box 3).10 These risk categories can be used as the basis for 
a treatment decision for initiating or resuming sexual activity. 
Most men with coronary artery disease can safely resume sex-
ual activity and undergo treatment for ED following appropriate 
education and counselling.44 The cardiac risk of sexual activity 
in men with cardiovascular disease is minimal in properly as-
sessed and advised patients. There is no evidence that currently 
approved ED treatments add to the overall cardiovascular risk 
in patients with or without previously diagnosed cardiovascular 
disease.

2 Treatment options for erectile dysfunction

Type of treatment Treatment Comments

Oral therapy37,38 On- demand or daily 
dosed PDE5i

Patient re- education 
may salvage initial 
treatment failures39

Testosterone 
replacement 
therapy28

Hypogonadism Alone or in  
combination with 
PDE5i40

Psychosexual 
counselling18

Penile injection 
therapy41,42

Alprostadil

Vacuum constric-
tion device17

Surgery Penile implant16

Peyronie surgical repair17

Vascular reconstructive 
surgery17

Usually reserved for 
young men with  
arterial trauma

PDE5i = phosphodiesterase type 5 inhibitors. ◆
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Lifestyle changes and the modification of risk factors

All guidelines agree that lifestyle changes and risk factor modi-
fication must precede or accompany any pharmacological or 
psychological ED treatment.11–15,18,20,21 Lifestyle changes in men 
with comorbid cardiovascular or metabolic disorders, such as 
diabetes or hypertension, or psychosocial issues may achieve 
major clinical benefits.45 Cessation of smoking, maintaining 
ideal body weight, engaging in regular exercise and optimal 
management of these diseases may prevent the development of 
ED.46–49 In the Massachusetts Male Aging Study (MMAS), men 
who started physical activity in mid- life had a 70% reduced risk 
for ED relative to those who remained sedentary, and regular 
exercise produced a significantly lower incidence of ED over 
an 8- year follow- up period.48 Similarly, in a multicentre, ran-
domised, open- label study of men with obesity, intensive exer-
cise and weight loss significantly improved erectile function.47 
Correction of dyslipidaemia may improve ED within 3 months 
and significantly augment the response to ED pharmacotherapy 
in unresponsive or refractory patients.49 However, there are con-
flicting data on the benefit of smoking cessation to improve erec-
tile function.

Psychosexual therapy

Psychosexual therapy for ED is not standardised, as the foun-
dation of anxiety varies between patients.50 Relationship diffi-
culties, depression, guilt, previous sexual abuse, lack of sexual 
experience and problems with intimacy may all increase anxi-
ety or conflict, which may then manifest as ED. Psychosexual 
treatments range from simple sex coaching and education 
through improved partner communication to cognitive and 

behavioural therapy and, in collaboration with the physi-
cian, are often combined with ED pharmacotherapy. A large 
proportion of patients experience negative psychological con-
sequences of organic ED, which may result in progressively 
worsening performance anxiety and further deterioration of 
erectile function.51

Oral pharmacotherapy

Overall, 60–65% of men who have ED, including those with 
hypertension, diabetes, spinal cord injury and other comorbid 
medical conditions, can successfully complete intercourse in re-
sponse to the PDE5i sildenafil, tadalafil, vardenafil and avana-
fil52–55 (Box 4). PDE5i drugs selectively inhibit PDE5 isoenzyme, 
increasing the amount of cyclic guanosine monophosphate 
(cGMP) available for smooth muscle relaxation, and induce vaso-
dilation, increased corporal blood flow and erection. The overall 
efficacy for the different PDE5i appears similar and is related 
to the severity of ED, with significantly reduced efficacy in pa-
tients with severe vasculogenic ED, diabetic ED and post- radical 
prostatectomy.52–54 Sildenafil, tadalafil, vardenafil and avanafil 
have differing pharmacokinetic properties (Box 4). The patient’s 
and physician’s choice of PDE5i is based on cost, tolerability and 
pharmacokinetic properties, including speed of onset and dura-
tion of responsivity. The PDE5i drugs can be used long term, and 
although there is no clear evidence of tachyphylaxis or tolerance, 
users can become less responsive due to progressive worsening 
of underlying penile vascular disease. Most patients will pre-
fer a trial of another PDE5i before proceeding to more invasive 
treatments.

Daily dosing with tadalafil (2.5 mg, 5 mg or 10 mg) has similar 
efficacy and side effects rates to on- demand PDE5i, and is often 

3 Princeton Consensus Treatment Algorithm10

CAD = coronary artery disease; CHF = congestive heart failure; LVD = left ventricular dysfunction; MI = myocardial infarction; NYHA = New York Heart Association. ◆
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selected as first- line treatment by men who engage in frequent 
intercourse or regard sexual intercourse spontaneity as a key 
treatment goal.56 Daily dosing may improve endothelial func-
tion and improve or restore erectile function. Salvage of on- 
demand tadalafil failures, with high dose tadalafil (10–20 mg) 
administered daily or on alternate days, has been reported but 
is limited by the relatively high cost of treatment.57 PDE5i drug 
adverse effects are usually transient, mild to moderate in na-
ture, dose dependent and often attenuate or disappear within 
4–6 weeks of continued use.52–54 The most commonly reported 
adverse effects are headache (11–16%), facial flushing (2–11%), 
dyspepsia (4–10%), muscle or back pain (0–4%) and nasal con-
gestion (2–9%).

Non- arteritic ischaemic optic neuropathy (NAION) has been 
linked to PDE5i, although a causal relationship has not been 
established. In a population of 4 million veterans aged over 50 
years with ED treated with PDE5i, there was no increased risk 
for NAION (absolute risk, 4.6 cases per 10 000 men per year; rel-
ative risk, 1.02; 95% CI, 0.92–1.12).58 However, loss of vision or re-
duced vision requires urgent ophthalmological assessment and 
immediate cessation of PDE5i use.

PDE5i drugs may exacerbate the hypotensive effects of aerosol, 
tablet or topical short-  or long- acting organic nitrates, such as 
nitroglycerin or isosorbide dinitrate, and co- administration is 
contraindicated.

Intracorporal injection therapy

Patient- administered intracorporal injection therapy using 
vasodilator drugs such as alprostadil is an effective treat-
ment for ED (Box 5).59 It is useful in men who fail to respond 
to oral pharmacological agents.60 Alprostadil resulted in an 
erection of sufficient rigidity for sexual intercourse in 72.6% 
of men with ED.59 The principal side effects of intracorporal 
injection of alprostadil are injection site pain in up to 30% of 
patients and corporal fibrosis resulting in the development 
of penile nodules and curvature in 9–23.3% of mid-  and long 
term users.59 Priapism is a rare complication that can cause 
irreversible ischaemic damage and fibrosis of the corpora and 
permanent ED.59

Polyagent pharmacotherapy of alprostadil combined with 
other agents such as papaverine and/or phentolamine is ef-
fective in 91.6% of patients, and appears effective as salvage 
therapy when treating patients with severe vasculogenic ED 
unresponsive to oral pharmacotherapy.59 Intracorporal injec-
tion therapy combined with on- demand PDE5i has also been 
reported as effective salvage therapy and potentially allows 
lower drug doses and a reduced incidence of adverse effects.61 
Relative contraindications to intracorporal injection therapy 
include anticoagulation, previous poor compliance and a his-
tory of priapism.

4 Comparison of the properties of phosphodiesterase type 5 inhibitors (PDE5i)*12

Property Sildenafil Tadalafil Vardenafil Avanafil

> TMAX 30–120 min (median 60 min) 30–360 min  
(median 120 min)

30–120 min (median 60 min) Median 30–45 min

Terminal half- life 4 h 17.5 h 4 h 6–17 h

Absorption Fatty meals cause a mean 
delay in TMAX of 60 min

Not affected by food Fatty meals cause a reduction in CMAX Fatty meals cause a minimal 
reduction in CMAX

Available doses 25 mg, 50 mg and 100 mg, as 
required

2.5 mg or 5 mg daily 2.5 mg, 5 mg, 10 mg and 20 mg, as 
required

50 mg, 100 mg and 200 mg, as 
required

5 mg, 10 mg and 20 mg, 
as required

Maximum dose 100 mg 20 mg 20 mg 200 mg

Efficacy Each of the PDE5i offers similar efficacy

Dose adjustments 
that may be needed

• Patients aged > 65 years
• Hepatic impairment
• Renal impairment
• Concomitant use of potent 

cytochrome P450 3A4 in-
hibitors (eg, ritonavir, co-
bicistat and erythromycin)

• Concomitant use of 
cimetidine

• Patients aged > 65 
years

• Hepatic impairment
• Renal impairment
• Concomitant use of 

potent cytochrome 
P450 3A4 inhibitors, 
such as ritonavir, 
cobicistat and 
erythromycin

• Patients aged > 65 years
• Hepatic impairment
• Renal impairment
• Concomitant use of potent 

cytochrome P450 3A4 inhibitors, 
such as ritonavir, cobicistat and 
erythromycin

• Patients aged > 65 years
• Hepatic impairment
• Renal impairment
• Concomitant use of 

potent cytochrome P450 
3A4 inhibitors, such as 
ritonavir, cobicistat and 
erythromycin

Contraindications Any patient using organic nitrates either regularly or intermittently

Known hypersensitivity to any component of the tablet

Use with α- blockers Concomitant use of selective α- blockers does not present a risk for significant hypotension

There is a risk of significant hypotension when using non- selective α- blockers

Side effects (five 
most common in 
order of frequency 
compared with 
placebo)

Headache, flushing, dyspep-
sia, nasal congestion, altera-
tion in colour vision

Headache, dyspepsia, 
back pain, myalgia, 
nasal congestion

Headache, flushing, rhinitis, dyspepsia, 
sinusitis

Headache, flushing, rhinitis, 
dyspepsia, sinusitis

CMAX = maximum plasma concentration; TMAX = time to maximum plasma concentration. * Please consult the individual product monographs for additional information. ◆
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Vacuum constriction devices

Vacuum constriction devices involve insertion of the flaccid 
penis into a vacuum cylinder and creation of a vacuum using 
an integrated hand-  or battery- operated vacuum pump to cre-
ate marked tumescence or rigidity, which is maintained with a 
constricting ring at the base of the penis.17 A vacuum constric-
tion device erection differs from a physiological erection because 
trabecular smooth muscle relaxation does not occur and blood is 
merely trapped within the corpora cavernosa distal to the con-
stricting ring.

Although 60–70% of men can eventually master the use of a vac-
uum constriction device and manage sexual intercourse, satis-
faction rates vary considerably from as low as 27% in the short 
term to as high as 69% with 2- year follow- up.17 Vacuum constric-
tion devices are more popular in older age group couples, but 
require substantial enthusiasm and understanding partners.17 
Adverse effects include bruising, obstructed and occasionally 
painful ejaculation, pain at the site of the ring and penile insta-
bility due to pivoting of the base of the penis.

Surgical treatment

Surgical treatment of ED is usually limited to patients with major 
penile arterial or venous disease, corporal fibrosis or Peyronie 
disease, who are either unresponsive to or are not candidates for 
ED pharmacotherapy.

Multicomponent inflatable penile implants are associated with 
high satisfaction rates.16,62 Device failure and prosthetic infection 
are uncommon. Infection requires removal of the prosthesis and 
either immediate replacement or delayed staged re- implantation.

Penile arterial revascularisation and venous ligation surgery 
are associated with relatively poor outcome results in men with 
penile atherosclerotic disease or corporal veno- occlusive dys-
function.17 They are rarely required, with the exception of young 
men with traumatic occlusion or stenosis of the internal puden-
dal or common penile artery due to an anterior open book type 
pelvic fracture.

Management of erectile dysfunction after treatment for 
prostate cancer

ED is a common consequence of treatment for prostate adeno-
carcinoma with a radical retropubic prostatectomy, external 
beam radiotherapy, brachytherapy or androgen deprivation.63,64 
The aetiology of ED after radical retropubic prostatectomy in-
cludes operative injury to the cavernous nerves and subse-
quent increased hypoxia- induced production of transforming 
growth factor- β1 (TGF- β1) in the corpora cavernosa, leading to 
increased extracellular matrix deposition, inhibition of smooth 
muscle growth, apoptosis of corporal smooth muscle, fibrosis 
and, eventually, structurally based corporeal veno- occlusive 
dysfunction.63 Initial failure to respond to PDE5i is almost uni-
versal, but treatment with self- administered intracavernous 
injection therapy has a high response rate and an increased 
prospect for subsequent response to PDE5i and eventual resto-
ration of spontaneous erections.65 Recovery of cavernous nerve 
function is more likely in men aged less than 60 years who have 
normal pre- operative erectile function and have nerve sparing 
surgery, but may be protracted resulting in a failure to respond 
to PDE5i for as long as 24–36 months.66 There is early evidence to 
support a potential rehabilitative role for daily PDE5i as an ad-
junct to initial treatment with intracavernous injection therapy 

5 Intracavernous injection therapy with alprostadil

Action • Relaxation of trabecular smooth muscle and dilatation of cavernosal arteries, expansion of lacunae and entrapment of blood 
by compression of the drainage venules against the tunica albuginea

• Administered by direct intracorporal injection (Caverject Impulse [Pfizer])

Onset • 5–15 min of intracorporal injection
• Arousal is usually required to produce a maximal response
• With correct dosing, detumescence should commence within 10–20 min of ejaculation, but a fully flaccid penis may not occur 

for a further 1–2 h

Dosage • Assess patient fitness for renewed sexual activity
• Administered 5–15 min before planned sexual activity
• Individualise dose by initial in-office physician-supervised dosage titration using the lowest possible effective dose

Caverject Impulse (Pfizer) • Caverject Impulse (Pfizer) 10 (10 μg), Caverject Impulse (Pfizer) 20 (20 μg)
• Instruct patient in sterile injection technique, used needle disposal, management of prolonged erections
• Maximum frequency of use is no more than three times a week with at least 24 h between each dose
• Start with 5 μg and titrate in 5 μg increments to a maximum of 20 μg
• Start with 1.25 μg and titrate in 1.25 μg increments in patients with spinal cord injury

Management of prolonged 
erection

• Use lowest possible effective dose
• If still rigid

▶ 2 h after administration — 120 mg pseudoephedrine
▶ 4 h after administration — 120 mg pseudoephedrine/walk briskly for 10–15 min
▶ 6 h after administration — contact treating doctor or hospital emergency department

• Some patients may require aspiration of corpora, irrigation with dilute vasoconstrictors or surgical drainage

Metabolism • Short duration of action and a brief plasma half-life
• 30% of the drug is metabolised within the corpora cavernosa and/or urethral mucosa, and up to 80% after the first pass 

through the lung to inactive metabolites

Adverse effects

Caverject Impulse (Pfizer) • Mild penile pain (15–20%), priapism (0.25%), corporal fibrosis (5–10%) with long term use
• Approximately 30% of users discontinue intracorporal injection each year

Drug interactions • Systemic drug–drug interactions are unlikely due to low or undetectable levels of alprostadil in the peripheral venous 
circulation
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in promoting the return of erectile function in men undergoing 
nerve- sparing radical retropubic prostatectomy.67

ED after external beam radiotherapy and/or brachytherapy is 
insidious and progressive and is due to radiation- induced mi-
crovascular endarteritis of the penile arteries, possible acceler-
ation of pre- existing atherosclerosis and/or proximal corporal 
fibrosis. The response rate to PDE5i is similar to age- matched 
ED controls.68

Androgen blockade with androgen receptor blocking drugs 
(cyproterone acetate, flutamide, bicalutamide) or luteinising 
hormone- releasing hormone agonists (goserelin, leuprorelin) 
is often associated with hypoactive sexual desire, ED, delayed 
ejaculation, anejaculation and anorgasmia.69 ED due to andro-
gen blockade can be a challenge to treat, although treatment 
is often not requested due to hypoactive sexual desire. The re-
sponse to PDE5i is reduced as the low testosterone levels reduce 
expression of both the nitric oxide synthase (NOS) gene and the 
PDE5 gene and downregulate PDE5 isoenzyme. Similarly, the 
response to self- administered intracavernous injection therapy 
is also reduced.

Conclusion

ED is a common complaint and is associated with a reduced 
quality of life for the patient and their partner. This condition 
is linked to several risk factors, including obesity, lack of exer-
cise, diabetes mellitus, hypertension, dyslipidaemia, cardiovas-
cular disease and cigarette smoking. Furthermore, ED may be 
the initial sign of generalised endothelial dysfunction and is a 
predictor of overall cardiovascular health and silent myocar-
dial ischaemia. Treatment with ED pharmacotherapy alone or 
in combination with graded psychosexual therapy is effective 
in improving and/or restoring sexual function in most men. 
Overall, there is a high level of consensus on the management of 
ED in the selected guidelines with few inconsistencies.
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